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DATA TRANSMISSION IN A TELECOM MUNICATION SYSTEM 

The invention relates to data transmission in a telecommunication 

system. 

In mobile communication systems, the data. transmission capacity 

5 available at the radio interface is divided among a plurality of users by a mul- 
tiple access principle. The most common multiple access principles include 
time division multiple access (TDMA), code division multiple access (CDMA), 
and frequency division multiple access (FDMA). In TDMA systems, communi- 
cation on the radio path is time divided and occurs in successive repetitive 

10 TDMA frames, each of which comprises a plurality of timeslots. In each time- 
slot, a short information packet is sent as a finite radio frequency burst com- 
posed of a group of modulated bits. Timeslots are mainly used to transmit 
control channels and traffic channels. Speech and data are transmitted on 
traffic channels. Control channels are used for signalling between a base sta- 

15 tion. and mobile stations. An example of a TDMA radio system is the pan- 
European mobile communication system GSM (Global System for Mobile 
Communications). 

In the CDMA system, in turn, a traffic channel is defined by a 
unique spreading code assigned to a mobile station, whereas in the FDMA 

20 system, a traffic channel is defined by a radio channel. 

The maximum data transfer rate on a traffic channel is relatively 
low, as it is limited by the available bandwidth and the channel and error cod- 
ings used in the transmission. For instance in the GSM system (Global Sys- 
tem for Mobile Communications), the user data rate in a traffic channel using 

25 one timeslot was restricted to 9.6 kbit/s according to the original specifica- 
tions, the radio interface rate being 12 kbit/s. This was found to be insufficient 
for many new teleservices, such as telefax, video image transfer, etc.. This is 
why high-speed data transmission services based on what is known as a mul- 
tiple channel technique are being introduced into new mobile communication 

30 systems. In the multiple channel technique, a mobile station is offered a higher 
bit rate and a wider bandwidth in the form of a plurality of parallel basic traffic 
channels (e.g. several timeslots). For instance in the GSM mobile communi- 
cation system, a high-speed data service HSCSD (High Speed Circuit Switch 
Data) is defined in the ETSI (European Telecommunications Standards Insti- 

35 tute) recommendations GSM 01.34, GSM 02.34 and GSM 03.34. In the 
HSCSD concept, a high-speed data signal is divided into separate data 
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streams which are then transmitted via N sub-channels (N traffic chan- 
nel/timeslots) at the radio interface, and similarly, in N sub-channels between 
a base station and a mobile switching centre (transcoder). Once the data 
streams are divided, they are carried in the sub-channels as if they were not 

5 interdependent, untilthey are again combined at the receiving end. However, 
logically these N sub-traffic channels belong to the same HSCSD link, i.e. they 
form one HSCSD traffic channel. The capacity of an HSCSD is thus as much 
as eight-fold with respect to the capacity of a basic traffic channel, and this 
leads to a significantly improved data transmission rate. At the radio interface, 

10 the GSM-HSCSD is able to support a radio interface rate of 96 kbit/s (8x12 
kbit/s) and user rates of 76.8 kbit/s (8 x 9.6 kbit/s). 

Digital mobile communication systems, particularly TDMA-based 
systems, such as GSM, employ radio system timing to synchronize data 
transmission over the air interface. For instance in the GSM, a basic timing 

15 unit is 20 milliseconds (ms). In a transparent circuit-switched data call, said 
20-ms unit corresponds to four V.110 frames (in cases involving TCH/F9.6 or 
TCH/F4.8 or TCH/F2.4 channel coding) or one E-TRAU frame (in cases in- 
volving TCH/F14.4 channel coding)-. In a non-transparent call, said 20-ms unit 
corresponds to one radio link protocol (RLP) frame (in cases involving 

20 TCH/F9.6 or TCH/F4.8 or TCH/F2.4 channel coding) or one" half of an RLP 
frame (in cases involving TCH/F14.4 channel coding). In the latter case, the 
halves of the RLP frame are separated by an indication bit. 

The above-mentioned TCH/F14.4 channel coding was introduced 
into the GSM system later, when higher data transfer rates were needed. In 

25 non-transparent calls, TCH/F14.4 channel coding requires a new RLP proto- 
col version since said 20-ms basic timing unit included more bits than previ- 
ously and was therefore not compatible with the RLP frame length or its multi- 
ple. TCH/F14.4 also produced a rather rough remapping procedure, enabling 
swapping between TCH/F14.4 and TCH/F9.6 channel coding during a data 

30 call. A reason for said swapping function is e.g. connection optimization after 
a change in radio link quality, or handover between two cells, one of which 
supports TCH/F14.4 channel coding and the other not. For a transparent 14.4 
kbit/s call, the new TCH/F14.4 channel coding provided an extremely well op- 
timized rate adaptation: a 14.5 kbit/s radio interface rate, of which 14.4 kbit/s 

35 is user data, adapted to the new number of bits in the 20-ms basic timing. 

If new channel codings are introduced into the GSM, the same 
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problem again arises as in TCH/F14.4: each channel coding has a different 
number of bits in one basic 20-ms timing unit. Some channel codings may 
produce a number of bits which is compatible with current rate adaptation 
frames or multiples of RLP frames, other channel codings may produce a 
5 number of bits requiring new RLP versions or new rate adaptation methods, 
whereas some channel codings may produce a number of bits which supports 
the use of current rate adaptation methods only very inefficiently, that is, with 
significant overhead. 

Furthermore, the ETSI EDGE project (Enhanced Data Rates for 

10 GSM Evolution) is developing a new modulation method offering a higher data 
transfer rate per timeslot than the present GMSK modulation, but maintaining 
the 200-khz channel spacing and the TDMA frame structure. This allows the 
present HSCSD data services to be supported by a smaller number of 
timeslots. In addition, the new modulation allows the production of new data 

15 services having as high as a 64 kbit/s data transfer rate per timeslot or over 
64 kbit/s (n * 64 kbit/s) in a multiple timeslot constellation. The radio interface 
rate is either 28.8 kbit/s or 38.4 kbit/s. New channel codings causing the 
above problems are also produced with the new modulation method. 

Similar problems arise also in other digital mobile communication 

20 systems and generally in telecommunication systems. 

Consequently, there is a need for a- general method for adapting 
fixed-length transmission frames to a timing unit (block) having any number of 
bits in a transmission channel, i.e. the same transmission frames can be sent 
through the system by different channel codings, avoiding the definition of 

25 new rate adaptations, link protocols and remapping procedures, and at the 
same time optimizing the efficiency of coding (overhead minimized). 

The object of the invention is a method and system eliminating the 
above problems and achieving the objects. 

This is achieved by the method of claim 1 and the mobile communi- 

30 cation system of claim 12. 

In the invention, an information unit is asynchronously transmitted 
over. a transmission link, such as a radio, interface, in the basic timing units of 
the transmission link (such as a radio interface) called radio frames herein, in 
the case of a radio interface. The information units are placed in two or more 

35 successive radio frames in such a way that each radio frame contains at least 
one whole information unit and part of an information unit which is split in two 
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successive radio frames. This way the radio frames may be considered to 
contain asynchronous information units. One or more bits in a radio frame are 
reserved for phase indication, on the basis of which a receiver synchronizes to 
the asynchronous information units within the radio frames. The phase indica- 

5 tion is modulo N determining the sequence of N successive radio frames and 
indicating for each radio frame which of the N possible radio frames in the 
frame sequence said frame is. The transmitting unit packs the information 
units into radio frames and provides the radio frames with the above phase 
indication. As many whole information units as possible (at least one) are 

10 packed in the last radio frame of the frame sequence, and the end of the last 
radio frame is filled with filler bits, if required. This is usually required since the 
number of bits required by the information units packed in the frame sequence 
and by said phase indication is smaller than the total number of information 
bits in the frame sequence. This is typically the case in the primary application 

15 areas of the invention, i.e.. when the length of the information field of a radio 
frame is not the length or a multiple of the information unit to be transmitted. 
Filler bits can be located in the frame sequence in other locations than at the 
end of the last radio frame. The receiving unit indicates phasing between the 
radio frames and the asynchronous information units in the radio frames by 

20 synchronizing with said phase indication. In other words, the receiving unit 
detects from the phase indication where the start of the frame sequence and 
the start of each whole information unit in the radio frame is, and separates 
the information units from the radio frames for further processing. The receiv- 
ing unit rejects any filler bits. 

25 An information unit may be any protocol unit or frame or information 

element which is to be transmitted over the radio interface. It may be a trans- 
mission frame or a part thereof (contents) used in data transmission between 
a network element, such as a base station, and a network adapter in a radio 
access network, for example, such as A-TRAU or E-TRAU frames in the GSM 

30 system. The information unit may also be a protocol data unit of an upper 
protocol. An example of this is a protocol data unit, such as a radio link proto- 
col (RLP) frame in the GSM system, of a link protocol established between a 
mobile station and a network adapter. The invention allows the same fixed- 
length information unit to be arranged in a radio frame having any number of 

35 bits, i.e. the same information units may be transmitted through the radio in- 
terface of the radio system with different channel codings. The only thing re- 
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quired is the selection of a suitable value for the N modulo N sequence and a 
suitable number of filler bits for each different radio frame type or channel 
coding. In other words, a radio system may have a dedicated modulo N se- 
quence for different data transfer rates and channel codings. The invention 

5 allows the radio system to use the same information unit in different channel 
codings. The present invention may be applied to the transmission of current 
RLP frames and transparent rate adaptation frames through new EDGE chan- 
nel codings, avoiding the need to determine new RLP versions, rate, adapta- 
tion methods and remapping procedures. 

10 The invention optimizes the efficiency of channel coding, since it 

causes very slight overhead in the system. Typically, phase indication re- 
serves one bit or only some bits in a radio frame. Phase indication may be for 
example a pseudo-noise (PN) code spread over N radio frames. This is ex- 
tremely efficient, since only one bit is.needed in each radio frame. For exam- 

15 pie in the case of a 31 -bit PN code, the maximum modulo sequence of the ra- 
dio frames is 31 frames and the receiver has to receive five radio frames in 
order to synchronize to the sequence, i.e. to lock to the right phase, in order 
for the receiver to know which of the 31 frames is involved and, accordingly, 
where the starts of the information units are in each radio frame. If a radio 

20 frame has enough bits available for phase indication, phase indication may be 
for example a sequence number (0, 1, 2, 3...). In this case the receiver only 
has to receive one radio frame in order to synchronize to the frame sequence. 
Furthermore, if there are enough bits, phase indication may be coded to pro- 
tect it against transmission errors which may occur in transmission over the 

25 radio path. 

The invention will be described in more detail in connection with 
preferred embodiments with reference to the attached drawings, in which 

Figures 1A and 1B show a protocol structure for transparent and 
non-transparent traffic channels TCH/F4.8 and TCH/F9.6 in the GSM system, 
30 Figure 2 shows Abis interface protocols for a traffic channel 

TCH/F14.4, 

Figure 3 illustrates the channel configuration required by a 38.4 
kbit/s EDGE traffic channel in the GSM, 

Figure 4 shows a Modulo N radio frame sequence according to the 

35 invention, 

Figure 5A illustrates downlink E-TRAU frames, 
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' " Figures 5B and 6A illustrate the radio frame sequence of the inven- 
tion for a 38.4 kbit/s EDGE traffic channel, 

Figure 6B illustrates an information unit sequence which a mobile 
station separates from radio frames received. 

5 ■ The present invention may be applied in all digital telecommunica- 

tion systems, and particularly in wireless telecommunication systems, such as 
cellular systems, WLL (Wireless Local Loop) and RLL (Radio Local Loop) 
type of networks, satellite-based mobile communication systems, etc., for the 
addition of a new high-speed traffic channel to the radio interface without any 

10 need to define new speed adaptations for transmission links. Herein the term 
mobile communication system (or network) refers generally to all wireless 
telecommunication systems. There are a plurality of multiple access modula- 
tion techniques which facilitate communication involving a large number of 
mobile users. These techniques include time division multiple access (TDMA), 

15 code division multiple access (CDMA) and frequency division multiple access 
(FDMA). The physical concept of a traffic channel varies in different multiple 
access systems, being primarily defined by means of a time slot in TDMA 
systems, by a spreading code in CDMA systems, by a radio channel in FDMA 
systems, a combination thereof, etc. The basic idea of the present invention is 

20 independent of the type of traffic channel and the multiple access methods 
used. 

The primary application area of the invention is the addition of an 
EDGE radio interface to the GSM system -or a corresponding change in other 
GSM-based systems, such as the DCS1800 (Digital Communication System), 

25 the US digital cellular system PSC (Personal Communication System), and 
WLL systems based on the above systems. The invention will be described by 
using the GSM mobile communication system as an example. The structure 
and operation of the GSM system are well known to persons skilled in the art 
and are defined in the ETSI (European Telecommunications Standards Insti- 

30 tute) GSM specifications. A further reference is made to the publication GSM 
System for Mobile Communication, M. Mouly and M. Pautet, Palaiseau, 
France, 1992; ISBN: 2-9507190-0-7. 

The basic structure of the GSM system comprises two parts: a base 
station system BSS and a network sub-system (NSS). The BSS and mobile 

35 stations MS communicate via radio links. A base station BTS serves each cell 
in the base station system BSS. A number of base stations are connected to a 
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base station controller BSC, which controls the radio frequencies and chan- 
nels the BTS uses. The BSCs are connected to a mobile services switching 
centre MSC. In addition, at least two data bases exist, a home location regis- 
ter HLR and a visitor location register VLR. 

5 A mobile communication system typically comprises adapter func- 

tions for adapting the internal data link of the mobile communication network 
to the protocols used by the terminals and other telecommunication networks. 
Typical adapter functions include a terminal adaptation function (TAF) at the 
interface between a mobile station and a data terminal connected thereto, and 

10 a network adapter IWF (InterWorking Function) at the interface between the 
mobile communication network and a second telecommunication network, 
usually in connection with a mobile switching centre. A mobile switching cen- 
tre usually has several types of adapter equipment pools for supporting differ- 
ent data services and protocols, e.g. a modem pool comprising modems and 

15 telefax adapters for modem and telefax services, a UDI/RDI speed adapter 
pool, etc. In the GSM system, a data link is established between the network 
terminal TAF of a mobile station MS and a network adapter IWF in the mobile 
communication system. The TAF adapts the data terminal DTE connected to 
the mobile station MS to said GSM data link which is set up over a physical 

20 connection using one or more traffic channels. The IWF connects the GSM 
data link to another network, such as the ISDN or a second GSM network, or 
the public telephone network PSTN. 

As was explained above, modem mobile communication systems 
support different teleservices and network services. Network services are 

25 usually divided into groups according to a property, e.g. asynchronous net- 
work services and synchronous network services. Each group comprises a 
number of network services, such as transparent service (T) and non-trans- 
parent service (NT). In transparent service, the data to be transmitted is not 
structured and transmission errors are corrected only by channel coding. In 

30 non-transparent service, the data to be transmitted is structured into protocol 
data units (PDU) and transmission errors are corrected by using (in addition to 
channel coding) automatic retransmission protocols. 

Figure 1A shows an example of protocols and functions needed in 
the IWF (either in the MSC or a WLL-specific network element) for transparent 

35 network services. The transparent circuit-switched connection between the 
terminal adapter TAF and the network adapter IWF in a GSM traffic channel 
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comprises a plurality of protocol layers which are common to all these serv- 
ices. These include different rate adaptation functions (RA), such as RA1' 
between a terminal adapter TAF and a CCU unit (Channel Codec Unit) in the 
base station system BSS, RA1 between a CCU unit and a network adapter 
5 IWF, RAA between a CCU unit and a transcoder unit TRAU which is separate 
from the base station, and RA2 between . a transcoder unit TRAU and a net- 
work adapter IWF. The rate adaptation functions RA are defined in GSM rec- 
ommendations 04.21 and 08.20. Traffic between a CCU unit and a transcoder 
unit TRAU is defined in GSM recommendation 08.60. At the radio interface, 
10 RA1' rate adapted information is also channel coded in a manner defined by 
GSM recommendation 5.03; blocks FEC illustrate this in a mobile station MS 
and a CCU unit. The IWF and the TAF also comprise upper layer protocols, 
which are service-specific. In the asynchronous transparent network service of 
Figure 1A, the IWF requires an asynchronous/synchronous conversion of RAO 
15 and a modem or a rate adapter towards the fixed network. A transparent sig- 
nal propagates through a traffic channel between the terminal interface and 
the PSTN/ISDN. A transparent synchronous configuration is otherwise similar, 
but does not have the rate adaptation RAO. 

Referring to Figure 1B, in asynchronous non-transparent network 
20 service, the IWF and MS comprise, instead of RAO, L2R (Layer 2 Relay) and 
RLP (Radio Link Protocol) protocols. The L2R functionality for non-transparent 
character-oriented protocols is defined in GSM recommendation 07.02, for 
example. The RLP protocol is defined in GSM recommendation 04.22. The 
RLP is a frame-structured, balanced (HDLC type) data transmission protocol 
25 in which error correction is based on retransmission of distorted frames at the 
request of the receiving party. The interface between the IWF and an audio- 
modem MODEM, for example, conforms to CCITT V.24, and is denoted by 
symbol L2 in Figure 1B. This non-transparent configuration is also used when 

accessing the Internet. 

30 Figures 1A and 1B relate to a network configuration in which a 

transcoder and some rate adaptations are located outside the base station 
BTS in what is known as a remote transcoder TRAU. In this case the trans- 
coder is considered to be a functional part of the BSC. Physically the TRAU 
may be located either in the BSC or the MSC. The interface between the 

35 transcoder unit TRAU and the base station BTS is. called the Abis interface. 
The Abis interface comprises 16 kbit/s traffic channels, four of which can be 
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transmitted in one standard 64 kbit/s channel. Information is transmitted be- 
tween a channel codec unit CCU and a transcoder unit TRAU in fixed-length 
frames, called TRAU frames. Both speech/data and control signals associated 
with the transcoder TRAU are transmitted in these frames. In the case of 4,8 

5 kbit/s (TCH/F4.8) and 9.6 kbit/s (TCH/F9.6) channel coding, when data is 
adapted into TRAU frames, the rate adaptation function RA1/RAA is required 
in addition to the other rate adaptations. When channel coding is 14.4 kbit/s 
(TCH/F14.4), a slightly different rate adaptation function, RA17RAA', is re- 
quired, as Figure 3 illustrates. RA17RAA" converts the radio frames (blocks) 

10 into E-TRAU format and vice versa. The RAA' function converts "an E-TRAU 
frame into an A-TRAU frame and vice versa. Since the rate adaptation defined 
for TCH/F14.4 channel coding is also probably the best alternative for traffic 
channels at the EDGE radio interface, the primary embodiment of the inven- 
tion will be described implemented thereby. However, it should be noted that 

15 the invention may also be implemented by other rate adaptations, such as 
RA1/RAA. 

In the HSCSD concept of the GSM system, a high-speed data sig- 
nal is divided into separate data streams which are then transmitted through 
an N sub-channel (N traffic channel/timeslots) at the radio interface and 

20 through an N transmission channel (16 kbit/s) between BTS/IWF. Once the 
data streams are divided, they are carried in the sub-channels as if they were 
not interdependent, until they are again combined in the IWF or the MS. How- 
ever, logically these N sub-traffic channels belong to the same HSCSD link, 
i.e. they form one HSCSD traffic channel. According to the GSM recommen- 

25 dations, a data stream is divided and combined in a modified RAO or RLP, 
which is hence common to all sub-channels. Underneath this common RAO or 
RLP, each sub-channel has separately the same protocol stack RA1'-FEC- 
FEC-RA1 '-RAA-RAA-RA2-RA2-RA1 or RA1 '-FEC-FEC-RA1 '-RAA'-RAA'-RA2- 
RA2-RA1, which is shown in Figures 1A and 1B for one traffic channel be- 

30 tween MS/TAF and MSC/IWF. In transparent data transmission between 
TAF/IWF, traffic channels are numbered to maintain the order of the data. In 
addition, inside a traffic channel, muttiframing is used to increase the toler- 
ance against transmission delay errors between traffic channels. Channel and 
frame numbering is carried as inband signalling. 

35 When attempts are made to support the. EDGE radio interface rate 

38.4 kbit/s by current channel structures and TCH/F1.4 rate adaptations be- 
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tween BTS/IWF, the result is a configuration according to Figure 3. The EDGE 
channel 38.4 kbit/s requires three parallel 14.4 kbit/s channels between MS 
and MSC/IWF. When a 38.4 kbit/s EDGE channel is used, total transmission- 
rates at the radio interface and the network interface are not equal. Further- 
5 more, a new channel coding is required at the radio interface. This leads to 
the above problems associated with rate adaptations and RLP protocols and 
the efficiency of channel coding. ' 

The following presents the inventor's analysis of some applications 
of the 38.4 kbit/s user rate, which could be alternatives to the present inven- 
10 tion, and some problems associated therewith. 

If TCH/F9.6 rate adaptation were used with V.1 10 frames, the radio 
interface rate would be 48 kbit/s because of the V.110 overhead. This would 
signify weak channel coding since the gross rate of the selected EDGE 
modulation method is 69.2 kbit/s. The radio interface rate should be as close 
1 5 as possible to the 38.4 kbit/s user rate to result in better channel coding. 

The use of a more efficient A-TRAU or E-TRAU rate adaptation, 
defined for TCH/F14.4 channel coding (radio interface rate being 14.5 kbit/s), 
would support user data rates which are multiples of 14.4 kbit/s. This way a 
channel coding which would carry 3*14.5 kbit/s, i.e. 43.5 kbit/s, could be de- 
20 fined, corresponding to a user data rate of 43.2 kbit/s. However, this would still 
not be optimal in view of channel coding. In this approach, to achieve a (trans- 
parent) user data rate of exactly 38.4 kbit/s would require padding in radio 
frames. 

A third way would be to define a suitable new rate adaptation and a 
25 new RLP version by new remapping operations to an optimized channel cod- 
ing (at for example a 39 kbit/s radio interface rate). This would require much 
specification and implementation work. Furthermore, this is against EDGE 
standardization which aims at using current protocols with a minimal number 
of changes. 

30 These problems can be avoided by the present invention whose 

basic principle is illustrated in Figure 4. 

In the invention, radio frames are provided with phase indication 
P,...P n defining a sequence of N radio frames. In other words, in each frame, 
the phase indication P,.:.P n indicates which of the N possible frames in the 

35 frame sequence the frame concerned is. A transmitting unit packs the infor- 
mation units li...l n in radio frames and provides the radio frames with the 
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above phase indication P. Typically, the length of an information unit is shorter 
than the length of the information field in a radio frame, whereby the number N 
of information units is also higher than the number of radio frames in N se- 
quences. This way each radio frame contains at least one whole information 

5 unit I (such as information units 11 , 12, 14, 16 and l N1 ) and part of an information 
unit split in two successive radio frames (such as l 5 i and l 52 , split from one 
whole information unit l 5 in two radio frames). As many whole information units 
as possible are packed in the last radio frame N of the frame sequence and 
the rest of the last radio frame is filled with filler bits FILL, if necessary. The 

10 modulo N radio frame sequence forms a kind of a multiframe in which phase 
indication Pi acts as synchronization information. 

In" the following, a potential implementation of the 38.4 kbit/s user 
rate will be described as a primary embodiment, following the principles of the 
present invention and referring to Figures 5A, 5B, 6A and 6B. The new func- 

15 tionality introduced by the invention is located for instance in blocks RA1' and 
RA17RAA' in the mobile station MS and the base station BTS in Figures 1A, 
1 Band 2. 

As was stated above with reference to Figure 3, a 38.4 kbit/s user 
rate can be carried in A-TRAU and E-TRAU frames defined for TCH/F14.4 

20 channel coding between the network adapter MSC/IWF and the base station 
BTS using three Abis interface 16 kbit/s traffic channels, each of which" has 
14.4 kbit/s rate adaptation. For the rates of the radio interface and the trans- 
mission link to be compatible, every ninth A-TRAU and E-TRAU frame is a 
dummy frame. The PTS and IWF add the dummy frames in transmission and 

25 reject them in reception. 

Figure 5A illustrates a group of nine E-TRAU frames, eight of which 
have information contents U... Is and one of which is a dummy frame DUMMY. 
In this case the corresponding user rate is 8/9*3*14.4 kbit/s = 38.4 kbit/s, as 
was required. A corresponding information rate containing user data plus 

30 status and control etc. sent over the radio interface when operating with E- 
TRAU frames is 8/9*3*14.5 kbit/s = 38.666... kbit/s. An E-TRAU frame con- 
tains 290 information bits (14500 bit/s:50). The header field H illustrates 
header, control, synchronization and other information associated with an E- 
TRAU frame. 

35 Figure 5B illustrates downlink radio frames which the PTS sends 

over the radio interface to the mobile station MS. The header H generally rep- 
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resents all header, control, synchronization and other information in a radio 
frame In addition to the header H, a radio frame must have enough b.ts for 
transmitting information payload. At least one bit of each 20-ms radio frame is 
required for the phase indication P1, P2 and P3 of the invention. This indi- 
cates a need for an at least 50-bit/s additional capacity. In other words, the 
required radio interface rate is at least 38.666 + 0.050 = 38.71666... kb.t/s. 
This has to be rounded up in order to avoid the appearance of fractions of b.ts 
in a 20-ms radio frame. In this example, 38.800 kbit/s is chosen as the radio 
interface rate. A radio interface rate of 38.800 kbit/s corresponds to 776 infor- 
mation bits for each 20-ms radio frame (38800 bit/s:50). The relation of the 
number of information bits in a radio frame to the number of information b.ts in 
an E-TRAU frame is 776/290. This is slightly more than 8/3, i.e. three radio 
interface frames may carry the information of 8 E-TRAU frames and some ex- 
tra bits. 

In the exemplary case presented, a modulo 3 radio frame se- 
quence, for example, would be efficient. In this case three radio frames carry 
3*776 = 2328 bits. Similarly, 8 E-TRAU frames carry 8*290=2320 bits. Conse- 
quently a sequence of three radio frames has eight extra bits for other pur- 
poses (2328-2320 bits). In the example of Figure 5B, a frame numbenng in 
which two bits in each radio frame are used for frame indication, is selected as 
phase indication. Two bit locations in each sequence of three radio frames are 
extra and pading information has to be carried therein. In Figure 5B, these 
filler bits (e.g. 1 1 ) are placed at the end of the last frame. 

This way a sequence of three radio frames according to Figure 5B 
is achieved, in which each frame contains phase indication P1=00, P2=01 and 
P3=10. The first radio frame contains the contents I, and b of two whole E- 
TRAU frames and slightly more than two thirds l 31 of E-TRAU frame l 3 . The 
rest l 32 of the E-TRAU frame l 3 is placed in a second radio frame. In addition, 
the second radio frame contains the contents l 4 and l 5 of two whole E-TRAU 
frames and slightly more than a third of E-TRAU frame l 6 . The remaining two 
thirds l 62 of E-TRAU frame l 6 are placed in a third radio frame. In addition, the 
third radio frame contains the contents \ 7 and l 8 of two whole E-TRAU frames, 
and two filler bits. After this, a new modulo 3 radio frame sequence begins. 

Figures 6A and 6B illustrate the downlink operation of a mobile sta- 
tion MS The MS receives downlink radio frames (Figure 6A), which are iden- 
tical to those in Figure 5B. Let us assume that the MS receives the first rad.o 
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frame in a frame sequence. The MS inspects the phase indication field P1 in 
the radio frame to find out which radio frame in the frame sequence is involved 
and thereby where the information units start in the radio frame. The starting 
points of the information units may be stored for each frame of the MS frame 
5 sequence, e.g. P1=00: the first unit in bit position 3, the second unit in bit po- 
sition 293, the third unit in bit position 583, etc. Consequently, since P1=00, 
the MS knows that the first frame in the frame sequence is involved. Thereby 
the MS also knows that the 290 bits following the phase indication field P1 
contain the first whole information unit I,, the following 290 bits contain the 
10 second whole information unit l 2 and the last" 194 bits contain the third infor- 
mation unit. The MS then receives the following radio frame and analyzes the 
phase indication field 92. Since P2=01, the MS knows that the second radio 
frame of a modulo 3 frame sequence is involved. The MS then knows that the 
96 bits following the phase indication field P2 contain part l 32 of an information 
15 unit, which is to be combined with part l 31 of the information unit received in 
the first radio frame. The MS carries out the combination and produces a 
whole information unit l 3 . The 580 bits following part l 32 of the information unit 
contain a whole information unit L and the following 290 bits contain a whole 
information unit l s . The last hundred bits of the second frame contain part l 6 i of 
20 an information unit. The MS then receives the third frame in the"radio frame 
sequence and analyzes the phase indication field P3. Since P3=10, the MS 
knows that the third frame of the modulo 3 radio frame sequence is involved. 
In this case, the 190 bits immediately following the phase indication field P3 
contain part l 62 of the sixth information unit, which should be combined with 
25 part l 61 received in the previous frame. The MS carries out the combination 
and produces a whole information unit l 6 . The following 580 bits contain the 
seventh and eight whole information units l 7 and l e . The MS rejects the last two 
bits of the radio frame, which are filler bits. This way the MS has restored a 
sequence of eight information units h to l 8 for further processing. In normal 
30 operation, the next radio frame received by the mobile station MS is the first 
frame in the next modulo 3 frame sequence, whereby the above procedure is 
repeated. 

The uplink procedure is reverse but otherwise identical to what was 
described above (in Figures 5A, 5B, 6A and 6B the arrows are changed in 
35 opposite directions). In other words, at each particular time the MS packs 
eight units of the information unit stream shown in Figure 6B in the uplink ra- 
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dio frames shown in Figure 6A and provides them with the phase indication of 
the invention. The base station BTS receives said uplink radio frames which 
are as shown in Figures 5B and 6A, and separates whole -information units 
from them in the same way as was described above for the mobile station MS 

5 in the downlink direction. The BTS packs the separated information units into 
contents of E-TRAU frames, whereby uplink E-TRAU frames according to Fig- 
ure 5A are obtained and sent to the network adapter IWF. Even though in 
Figures 5A, 5B, 6A and 6B, the information unit is the contents of an E-TRAU 
frame, the information unit may be composed of any information which is to be 

10 transmitted. In the GSM system, in non-transparent transmission this unit may 
be a frame in the radio link protocol (RLP). In transparent data transmission 
an information unit may be a V.1 10 frame or a group of several V.1 10 frames. 

It is obvious to a person skilled in the art that as technology ad- 
vances, the basic idea of the invention may be implemented in a variety of 

15 ways. The invention and its embodiments are therefore not restricted to the 
above examples, but may vary within the scope of the claims. 



